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Abstract
We previously demonstrated that Xenopus sperm undergo an acrosome reaction on the vitelline envelope (VE) in response to the
materials secreted from the oviductal pars recta [Dev. Biol. 243 (2002), 55]. A monoclonal antibody against the acrosome reaction-inducing
substance in Xenopus (ARISX) was obtained by immunizing mice with pars recta extract (PRE). The acrosome reaction by PRE or on the
VE was effectively inhibited by the intact anti-ARISX antibody as well as its Fab fragment, indicating that the antibody recognizes the
epitopes localized on the acrosome reaction-inducing substance. On Western blots, the anti-ARISX antibody recognized a molecule with
an apparent molecular mass of 300 kDa in PRE and in the VE, but this molecule was not detected in the coelomic envelope. The amount
of ARISX in PRE was increased by the treatment of females with pregnant mare serum gonadotropin. Periodate oxidation of PRE
completely abolished the acrosome reaction-inducing activity, indicating the involvement of the carbohydrate moieties of ARISX in
inducing the acrosome reaction. On immunofluorescence observation, ARISX was localized in the epithelial cells in the posterior region of
the pars recta and on the VE as fibrous structures.
© 2003 Elsevier Inc. All rights reserved.
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Introduction
The unfertilized egg in many animals is surrounded by a
variety of extracellular coats. In amphibians, a vitelline
envelope (VE) and several jelly layers play important roles
in protecting the embryo and assuring fertilization (Iwao,
2000a, 2000b). Since the sperm must pass through these
layers for successful fertilization, they must undergo an
exocytotic event, known as the acrosome reaction. An ac-
rosome exists on the tip of the sperm head (Picheral, 1977a;
Yoshizaki and Katagiri, 1982; Bernardini et al., 1986; Yo-
shizaki, 1987; Campanella et al., 1997; Ueda et al., 2002)
and contains the VE lysin which has a proteolytic activity
(Elinson, 1971; Penn and Gledhill, 1972; Raisman and
Cabada, 1977; Iwao and Katagiri, 1982; Iwao et al., 1994).
This VE lysin enables sperm to pass through the VE fol-
lowing the acrosome reaction. In Discoglussus pictus (Cam-
panella et al., 1997) and Pleurodeles waltli (Picheral,
1977b), the fusion occurs between the egg plasma mem-
brane and the inner acrosomal membrane at the top of the
sperm head. In Bufo japonicus, there is evidence that ga-
lactose residues are exposed on the acrosome-reacted sperm
(Takamune, 1987), and that saccharides containing terminal
galactose residues are involved in the sperm binding to the
VE (Omata and Katagiri, 1996). These results suggest that
the exposure of the inner acrosomal membrane is indispens-
able for successful fertilization in the amphibian. In Xeno-
pus, at least two types of glycoproteins, gp69/64 (ZPA) and
gp41 (ZPC), are reported to be the receptors on the VE for
sperm binding (Tian et al., 1997a, 1997b; Vo and Hedrick,
2000; Kubo et al., 2002). By cDNA cloning, gp69/64 (ZPA)
and gp41 (ZPC) proved to be the homologs of mouse ZP2
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and ZP3, respectively (Kubo et al., 1997; Yang et al., 1997;
Tian et al., 1999). Although the detailed mechanism re-
mains to be investigated, both acrosome-intact and acro-
some-reacted sperm can bind to the VE (Ueda et al., 2002).
It has been reported that some components of egg jelly
induce an acrosome reaction in the newt, Cynops pyrrhog-
aster (Onitake et al., 2000; Sasaki et al., 2002), whereas the
extracts of the pars recta, the uppermost region of the
oviduct, has acrosome reaction-inducing activity in Xeno-
pus laevis (Ueda et al., 2002) and Bufo japonicus (Katagiri
et al., 1982; Yoshizaki and Katagiri, 1982). The nature of
the acrosome reaction-inducing activity, however, remains
to be investigated in amphibians.
In the present study, we raised a monoclonal antibody
specific to the acrosome reaction-inducing substance in Xe-
nopus (ARISX) and demonstrated that an ARISX having a
carbohydrate portion that is responsible for the induction of
the acrosome reaction is secreted from the oviductal pars
recta and deposited in a fibrous texture on the surface of the
VE.
Materials and methods
Procurement of gametes and isolation of egg envelopes
African clawed frogs (Xenopus laevis) were purchased
from dealers and maintained in our laboratory. To obtain
mature sperm, each male was injected with 250 IU of
human chorionic gonadotropin (HCG; Teikoku Zoki) in the
dorsal lymph sac and kept at 18°C for 12 h. The sperm were
released into 33% De Boer’s solution [DB; 100% DB in
mM: 110 NaCl, 1.3 KCl, 1.3 CaCl2, 5.7 Tris-HCl (pH 7.4)]
by gentle pressing of the nicked testes with small forceps
after incubation for 15 min on ice. To obtain mature fully
jellied eggs, each female was injected with 375 IU of HCG
in the dorsal lymph sac and kept at 18°C for 12 h. The
jellied, mature eggs were collected by gentle massage of the
abdomen. VEs and coelomic envelopes (CEs) for the first
screening of hybridomas by Western blotting were prepared
as follows: The mature fully-jellied eggs were dejellied with
2.5% thioglycolic acid (pH 8.1) and thoroughly washed
with 100% DB. Except for this experiment, all the jellyless
eggs were obtained by 45 mM 2-mercaptethanol (pH 8.5).
Coelomic eggs were collected from the coelom of the fe-
males 5–6 h after HCG injection. Jellyless eggs in 100%
DB were transferred into a syringe fitted with an 18-gauge
needle. Crushed eggs were filtered with a nylon mesh (100
mesh), and the envelopes on the mesh were washed thor-
oughly with cold 100% DB and distilled water. To remove
the remaining yolk granules, the envelopes were immersed
in a high-salt solution (2 M NaCl, 2 mM CaCl2, 0.1 M
imidasole–HCl, pH 7.0) overnight at 4°C according to the
method of Hedrick and Hardy (1991). The envelopes were
lyophilized after washing with distilled water. To assess the
acrosome reaction of sperm that were bound to the VE, jelly
coats of unfertilized eggs were removed by 45 mM 2-mer-
captoethanol (pH 8.5), followed by thorough washing with
100 mM NaCl and 50 mM Tris–HCl (pH 7.0). The dejellied,
unactivated eggs were placed in 33% DB in a 1% agar-
based petri dish, and their VEs were isolated with fine
forceps.
Preparation of pars recta extract
The uppermost region of the oviducts, the pars recta, was
isolated from mature females 4 days after injection of 35
IU/female of pregnant mare serum gonadotropin (PMSG;
Sigma). The dissected pars recta was homogenized in 33%
DB (0.1 ml/a pair of pars recta) by a glass homogenizer with
a Teflon pestle on ice. The homogenate was centrifuged at
12,000g (4°C, 20 min), and the supernatant solution was
collected as the pars recta extract (PRE) (Ueda et al., 2002).
For periodate oxidation, PRE was dialyzed against phos-
phate-buffered saline (PBS), and then treated with 10 mM
periodate in PBS overnight at 4°C in the dark. The oxidized
PRE was thoroughly dialyzed against PBS, and then against
33% DB.
Preparation of monoclonal antibody
To obtain monoclonal antibodies against the acrosome
reaction-inducing substance in Xenopus (ARISX), female
BALB/c mice (6–7 weeks old) were immunized three times
in the footpads at 5-day intervals with 50 l emulsion/
footpad. The solutions were prepared by mixing the same
volumes of PRE in PBS (1 mg/ml) and a complete adjuvant
TiterMax Gold (CytRx), and immunization was followed by
a booster injection without adjuvant. Three days after the
booster immunization, popliteal lymph node cells were iso-
lated and fused with PAI myeloma cells, as described pre-
viously (Katagiri et al., 1999). Since ARISX is secreted
from the pars recta onto the egg envelope of the passing
eggs (Ueda et al., 2002), the culture supernatant of the
hybridomas was judged to be positive if the supernatant
reacted on Western blotting to the components of the VE
but not to those of the CE, as follows. The isolated VE and
CE were separated by SDS-PAGE, followed by electro-
blotting onto PVDF membranes. After blocking with 5%
skim milk in PBS for 1 h, the blots were incubated for 1 h
with each culture supernatant diluted fivefold with 1% skim
milk in PBS. Aliquots of the culture supernatant from the
established clones by limiting dilution were used to deter-
mine the isotype of the antibody with a mouse monoclonal
antibody isotyping kit (Amersham). The hybridoma cells
were transplanted into the body cavity of pristane-primed
nude mice, and the ascites fluid was collected. Monoclonal
antibodies were purified from the ascites by using an Affi-
Gel Protein A MAPS Kit (BioRad). Fab fragments of the
antibody were obtained by using an ImmunoPure Fab Prep-
aration Kit (PIERCE). To characterize the epitope(s), the
VE-blotted PVDF membrane was treated with 10 mM pe-
riodate overnight at 4°C in the dark. After washing with
PBS, the membrane was reduced with 100 mM NaBH4 in
290 Y. Ueda et al. / Developmental Biology 264 (2003) 289–298
PBS for 15 min, followed by washing with PBS. The mem-
brane was then subjected to Western blotting.
Observation of acrosomes in sperm under a confocal
laser scanning microscope
LysoSensor-loaded sperm were observed as described
previously (Ueda et al., 2002). Briefly, mature sperm were
incubated in 1 M LysoSensor Green DND-189 (Molecular
Probes) in 33% DB for 30 min at room temperature. Fluo-
rescence excitation was obtained from an argon laser fil-
tered with a 458-nm dichroic mirror (HFT 458). The emitted
fluorescence was filtered with a 475-nm longpass filter (LP
475). The states of the acrosome in the sperm were observed
with an inverted laser scanning confocal microscope (LSM
510; Carl Zeiss). The LysoSensor-loaded sperm were ob-
served within 15 min after each treatment. When the sperm
bound to the VE were observed to assess the acrosome
reaction-inducing activity of the VE, the envelopes incu-
bated with the sperm were briefly centrifuged (2000g, 15 s)
to remove the unbound sperm.
Sperm binding assay
For the sperm binding assay, unfertilized eggs were de-
jellied with 45 mM 2-mercaptoethanol (pH 8.9) (Hedrick
and Hardy, 1991). Dejellied eggs were inseminated, fol-
lowed by washing with 33% DB and fixation with glutar-
aldehyde, according to the method of Katagiri et al. (1999).
To determine the number of sperm which bound to the egg
surface, the eggs stained by Hoechst dye were observed
under a fluorescence microscope (Axiophoto, Carl Zeiss), as
described previously (Kubo et al., 2002).
Observation of the localization of ARISX
To determine the localization of ARISX on the VE,
dejellied eggs were incubated with 1% BSA in 100% DB
for 10 min for blocking, and then treated with the anti-
ARISX antibody 5C30B6 (2 g/ml) for 20 min, followed
by incubation with a goat anti-mouse IgG (Alexa 488-
conjugated; Molecular Probes, 5 g/ml) in the blocking
medium for 15 min in the dark. They were thoroughly
washed with 100% DB and were then examined under a
laser scanning microscope. In some experiments, the live
eggs were double-immunostained with anti-ARISX anti-
body and anti-gp69/64 (ZPA) antibody (6964M, 2 g/ml).
As a secondary antibody against 6964M, a goat anti-mouse
IgM (Alexa 546-conjugated; Molecular Probes, 5 g/ml)
was used. To determine the localization of ARISX in the
oviducts, the pars recta was fixed in Carnoy’s solution (a
mixture of 25% acetic acid and 75% ethanol), and then
dehydrated in a series of ethanol and isoamil acetate. The
fixed samples were embedded in paraffin, and the block was
cut into 15-m-thick serial sections. The dewaxed sections
were incubated in 5% skim milk for 30 min for blocking,
followed by incubation with anti-ARISX antibody (30 g/
ml) for 30 min, and with a goat anti-mouse IgG (Alexa
488-conjugated; Molecular Probes, 10 g/ml) for 30 min.
The immunolabeled sections washed with 0.1% Tween 20
in PBS were observed under a laser scanning microscope.
Results
Preparation of monoclonal antibody against ARISX
We used PRE as an immunogen to obtain a monoclonal
antibody against ARISX, since ARISX was expected to be
secreted from that region of the oviduct onto the VE during
the passage of the (coelomic) eggs through the oviduct
(Ueda et al., 2002). We selected the hybridoma clones that
produced antibodies against the components of the VE with-
out any reactivity to the component of the CE, which had no
contact with the oviduct. As a result, we selected the clone
5C30B6, which produces an antibody detecting a 300 kDa
band in the VE but not in the CE (Fig. 1A). The 5C30B6
antibody also recognized a molecule of the same size in
PRE (Fig. 1B). The isotype of 5C30B6 was IgG2a.
To determine whether the antibody 5C30B6 is directed
against ARISX, we investigated the inhibitory activity of
the purified antibody against the acrosome reaction induced
by PRE. The LysoSensor-loaded sperm were treated with
PRE preincubated with or without the antibody 5C30B6,
and then the rate of the acrosome reaction was quantified
under a confocal laser microscope. PRE without the anti-
body pretreatment induced an acrosome reaction in about
44% of the sperm (Table 1), but the preincubation with the
antibody (1 ng/ml) almost completely inhibited the induc-
tion of the acrosome reaction by PRE (less than 2% of
sperm lost the acrosomes). This inhibitory effect was not
detected when the concentration of the antibody was low-
ered to 0.1 ng/ml (Table 1) and, therefore, the inhibitory
activity of the antibody was dose-dependent. Thus, the an-
tibody 5C30B6 has an inhibitory effect on the acrosome
reaction-inducing activity of PRE. We also examined the
inhibitory activity of the antibody by using the Fab fragment
of 5C30B6 and found that the Fab fragment (10 or 100
ng/ml) significantly inhibited the acrosome reaction-induc-
ing activity in a dose-dependent manner (Table 1). These
results indicate that the antibody 5C30B6 specifically rec-
ognizes the epitopes on the ARISX molecules in PRE,
rather than the unrelated components localized near ARISX.
Therefore, we considered the antibody 5C30B6 to be an
anti-ARISX antibody.
To determine whether the anti-ARISX antibody also
inhibits the acrosome reaction-inducing activity on the VE,
the VEs were treated with the anti-ARISX antibody (1
g/ml) or the Fab fragment (1 g/ml). The acrosome reac-
tion on the VE was almost completely inhibited, so that only
2.2% of the sperm on the intact IgG-treated VE or 0.7% of
the sperm on the Fab fragment-treated VE underwent an
acrosome reaction (Table 2). These results confirm that the
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antibody specifically recognizes the ARISX not only in PRE
but also on the VE.
Next, we examined whether the ARISX molecules on the
VE affect the sperm binding to the VE. When the dejellied
eggs were treated with anti-ARISX antibody at 50 g/ml
prior to insemination, the number of bound sperm was 290
 58 (n 10) per animal hemisphere, whereas that for eggs
treated with a mouse nonspecific IgG was 357  115 (n 
10). In a parallel experiment, the treatment of the eggs with
6964M (IgM; 10 g/ml) specific to gp69/64 (ZPA) of the
VE (Kubo et al., 2002) reduced the number of bound sperm
to 38.4% (159  37, n  9) of those treated with the same
concentration of a mouse nonspecific IgM (416  64, n 
10). These results indicate that the anti-ARISX antibody
does not affect the sperm binding to the VE, in spite of the
presence of the antigen ARISX on the surface of the VE.
Characterization of ARISX
The synthesis of ARISX in the pars recta was investi-
gated before and after priming of females with pregnant
mare serum gonadotropin (PMSG). The amount of ARISX
in the pars recta of the females before the treatment with
PMSG was too small to induce acrosome reaction (Fig. 1B).
A large number of the ARISX molecules recognized by the
anti-ARISX antibody were synthesized in the pars recta of
the females treated with PMSG. These results were consis-
tent with the observation that PRE obtained from the
PMSG-treated female induced an acrosome reaction [36%
of sperm lost the acrosome (n  100)], but PRE obtained
from a nonprimed female did not possess acrosome reac-
tion-inducing activity [no sperm lost the acrosome (n 
100)].
The epitope(s) of the anti-ARISX antibody was investi-
gated by periodate oxidation of VE. When the components
of the VE electrotransferred to a PVDF membrane were
oxidized with periodate, the reactivity of the 300-kDa com-
ponent subjected to SDS-PAGE and that of the molecule
exposed to the anti-ARISX antibody disappeared com-
pletely (Fig. 1C). Therefore, the anti-ARISX antibody was
considered to recognize the carbohydrate moieties of the
300-kDa molecule in the VE. The carbohydrate moiety of
ARISX was revealed to be important for the exhibition of its
acrosome reaction-inducing activity, because periodate ox-
idation of PRE completely abolished the activity (Table 3).
Localization of ARISX secreted from pars recta onto the
VE
To determine the localization of ARISX on the VE,
dejellied, unfertilized eggs were immunostained with the
anti-ARISX antibody and observed under a confocal laser
microscope. Numerous fibrous structures with bright fluo-
rescence were observed on the entire surface of the VE (Fig.
2A and C), but no fluorescence was detected on the VE of
the eggs processed without the anti-ARISX antibody (Fig.
2B). No fluorescence was observed on the CE of coelomic
eggs obtained from the body cavity before entry into the
oviducts (data not shown). There were two types of fibrous
structures detectable with the anti-ARISX antibody on the
VE. One was a thick fiber-like material (about 2 m in
diameter) distributed throughout the envelope (large arrows
in Fig. 2C). The other was a thin filamentous material (about
1 m in diameter) associated with the thick fibers (small
arrows in Fig. 2C). Both fibrous structures were knobby in
appearance. In addition to these fibrous materials, an anti-
ARISX antibody-positive, dot-like structure (1–2 m in
diameter) was seen on the surface and was distributed at 3.7
dots/100 m2 (arrowheads in Fig. 2C), with some of the
dots extending from the surface of the VE (Fig. 2D) and
Fig. 1. Immunoblots of egg envelopes and pars recta extract with anti-
ARISX antibody after electrophoresis on a 2–15% polyacrylamide gradient
gel followed by electroblotting to PVDF membranes. (A) A positive
immunoreaction in the VE but not in the CE (2 g protein each). (B) An
enhanced synthesis of ARISX in PRE from PMSG-primed females (, 2
g protein), compared with that from nonprimed females (, 2 g pro-
tein). (C) VE-blotted PVDF membranes (5 g protein each) were treated
with () or without () periodate before immunoblotting, showing dis-
appearance of the immunoreactivity by periodate oxidation.
Table 1
Effect of antibody 5C30B6 on acrosome reaction induced by PRE
Treatment of sperm with
PRE containing
Percent of
sperm with
acrosome
No. of
sperm
(n)a
Percent of
acrosome
reactionb
5C30B6 IgG (1 ng/ml) 51.0  3.8 100 (4) 1.9
5C30B6 IgG (0.1 ng/ml) 29.0  3.8* 100 (4) 44.2
1% BSA 29.0  3.8* 100 (4) 44.2
untreated control 52.0 5.7 100 (4) —
Fab fragment of
5C30B6 IgG
(100 ng/ml)
55.0  6.8 100 (4) 0
Fab fragment of
5C30B6 IgG
(10 ng/ml)
44.0  3.3* 100 (4) 20.0
Fab fragment of
5C30B6 IgG
(1 ng/ml)
35.0  8.2* 100 (4) 32.7
1% BSA 34.3  5.1* 175 (7) 36.2
Untreated control 53.5 6.0 200 (8) —
a No. of experiments.
b Percentage of acrosome reaction was caluculated based on each control
(untreated).
* P  0.05 compared with untreated sperm.
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Fig. 2. Immunostaining of live, dejellied eggs with anti-ARISX antibody. Eggs were immunostained with the anti-ARISX antibody (A, C, and D) or mouse
nonspecific IgG (B) followed by laser scanning microscopic observation, showing numerous fibrous materials on the VE of both the animal and vegetal
hemispheres (A). Two types of fibrous materials, thick fibrous materials (large arrows) and thin filamentous materials (small arrows), in addition to dot-like
materials (arrowheads), were observed on the VE (C). The dot-like materials (arrowheads) protruded from the VE surface as revealed by adjustment of the
focal plane to the outermost area of the VE (D). Live, dejellied eggs were immunostained with anti-ARISX antibody and anti-gp69/64 (ZPA) antibody
(6964M) (E–G), showing fibrous and dot-like materials of ARISX on the VE (E), as contrasted with the uniform distribution of gp69/64 (ZPA) on the surface
of the VE (F). A merged image (G) of (E) and (F) showing that most of the ARISX molecules do not overlap with the sperm receptor gp69/64 (ZPA). Scale
bars, 500 m (A), 10 m (C), and 20 m (E).
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Fig. 3. Immunohistochemical distribution of ARISX in the pars recta. Paraffin sections of the posterior (A and B) or anterior (C) regions of the pars recta
were examined with anti-ARISX antibody. (B and B) are higher magnifications of (A and A), respectively. The ARISX was localized in the epithelial cells
facing the lumen (A), and were concentrated in the cytoplasm rather than in the nucleus in the epithelial cells of the posterior region (B) but not in the anterior
region (C) of the pars recta. (A–C) DIC images of (A–C), respectively. Arrows indicate nuclei of the epithelial cells. L, luminal space of the pars recta.
Scale bars, 250 m (A), and 50 m (B and C).
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appearing protrude vertically the VE. No significant differ-
ence was detected between the animal and vegetal hemi-
spheres. When the eggs were double-immunostained with
both the anti-ARISX antibody and 6964M specific to
gp69/64 (ZPA), gp69/64 (ZPA) was distributed uniformly
on the surface of the VE, but ARISX was scattered in
between the former (Fig. 2E–G). Although some of the
ARISX distribution was overlapped with that of gp69/64
(ZPA), as shown in Fig. 2G, there was some area occupied
with gp69/64 (ZPA), but not with ARISX.
The distribution of ARISX was immunohistochemically
investigated in the pars recta region. ARISX was localized
in the epithelial cells facing on the lumen at the posterior
region of the pars recta obtained from PMSG-primed fe-
males (Fig. 3A and A), but not from unprimed females
(data not shown). ARISX was concentrated in the cytoplasm
but not the nuclei of the epithelial cells (Fig. 3B and B).
However, ARISX was observed neither in the anterior re-
gion of the pars recta (Fig. 3C and C), nor in the pars
convoluta, the jelly-producing regions, following the pars
recta (data not shown). When the sections were processed
without the anti-ARISX antibody, no fluorescence was de-
tected in either region (data not shown). These results indi-
cate that ARISX is synthesized in the epithelium of the
posterior region of the pars recta, and then secreted onto the
egg envelope of the eggs during the passage through the
pars recta.
Discussion
In the present study, we demonstrated that the acrosome
reaction of Xenopus sperm on the VE is induced by a
molecule (ARISX) having an apparent molecular mass of
300 kDa which is secreted from the lower region of the pars
recta onto the VE. ARISX secreted from the epithelial cells
of the pars recta is deposited as a fibrous material on the
surface of the VE prior to decoration of the jelly layer in the
pars convoluta. The thin filamentous structures of ARISX
probably correspond to the cable-like fibers on the VE that
have been observed under a quick-freeze, deep-etch analysis
(Larabell and Chandler, 1988). Although the presence of the
cable-like fibers are reported on VE (Larabell and Chandler,
1988), but not on CE (Larabell and Chandler, 1989), their
generation mechanism remains unknown. There are at least
two possibilities in relation to the localization of ARISX:
One is that the cable-like fibers are generated from the
envelope components during the passage through the ovi-
ducts and then coated by ARISX. Another is that they are
produced with the materials containing ARISX by the se-
cretion from the pars recta. In any case, ARISX is not the
envelope component itself, but decorates the VE under the
jelly layers. Functionally, the localization of ARISX on the
VE is consistent with previous observations in anuran am-
phibians of acrosome reactions occurring on the isolated
VEs of Xenopus eggs (Ueda et al., 2002) and with reports
that the sperm undergo an acrosome reaction after reaching
the VE in inseminated Bufo eggs (Katagiri et al., 1982;
Yoshizaki and Katagiri, 1982; Barisone et al., 2002). In
Bufo, pars recta extract (PRE) also induces an acrosome
reaction (Katagiri et al., 1982; Yoshizaki and Katagiri,
1982). The observation that a small number of Xenopus
sperm undergo an acrosome reaction with jelly water (Ueda
et al., 2002) may reflect the action of a small amount of
ARISX liberated from the surface of the VE during shaking
of the eggs during the preparation of the jelly water. It has
been reported that the jelly layers are involved in the acro-
some reaction in other amphibians, such as the frog, Dis-
coglossus pictus (Campanella et al., 1997), and the newts,
Pleurodeles waltli (Picheral, 1977a) and Cynops pyr-
rhogaster (Sasaki et al., 2002; Watanabe and Onitake,
2002). Sperm undergo an acrosome reaction in the outer-
most region of the jelly layers in D. pictus (Campanella et
al., 1997). Some of the high molecular weight components
of egg jelly having polysaccharide chains seem to induce
the acrosome reaction in Cynops sperm (Sasaki et al., 2002).
Therefore, the secretion of the acrosome reaction-inducing
substance from the oviducts seems to be the common fea-
ture in amphibian fertilization. In contrast, sperm undergo
an acrosome reaction on the vitelline membrane in the fowl,
Table 2
Effect of antibody 5C30B6 on acrosome reaction induced on VE
Incubation of sperm in Percent of
sperm with
acrosome
No. of
sperm
(n)a
Percent of
acrosome
reactionb
VE treated with 5C30B6
IgG (1 g/ml)
52.8  8.7 125 (5) 2.2
VE treated with 5C30B6
Fab fragment
(1 g/ml)
53.6  6.1 125 (5) 0.7
VE treated with 1% BSA 28.0  6.3* 125 (5) 47.0
None (33% DB, control) 54.0  4.0 125 (5) —
a No. of experiments.
b Percentage of acrosome reaction was caluculated based on each control
(untreated).
* P  0.05 compared with untreated sperm.
Table 3
Effect of periodate oxidation on the induction of acrosome
reaction-inducing activity of PRE
Incubation of
sperm in
Percent of
sperm with
acrosome
No. of
sperm
(n)a
Percent of
acrosome
reactionb
PRE treated with
periodatec
53.6  6.1 125 (5) 1.5
PRE 37.6 9.2* 125 (5) 30.9
None (control) 54.4 3.6 125 (5) —
a No. of experiments.
b Percentage of acrosome reaction was caluculated based on control
(untreated).
c PRE was treated with 10 mM periodate in PBS, and dialyzed against
PBS and 33% DB for incubation of sperm.
* P  0.05 compared with untreated sperm.
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Gallus gallus (Okamura and Nishiyama, 1978), on the zona
pellucida in the mouse and porcine (Bleil and Wassarman,
1983; Burkin and Miller, 2000), and on the cumulus cells in
the hamster (Yanagimachi et al., 1983; Yanagimachi and
Philips, 1984) and human (Tesarik, 1985; White et al.,
1990).
In addition to our findings concerning ARISX, previous
studies have shown that there are at least two types of
molecules secreted from the pars recta in Xenopus. One is
oviductin, which is 66 kDa in molecular weight and specif-
ically cleaves gp43 of the CE to generate gp41 (ZPC) of the
VE (Hardy and Hedrick, 1992; Katagiri et al., 1999; Lind-
say et al., 1999). In Bufo, oviductin transcripts are expressed
in the pars recta, but not in the pars convoluta (Hiyoshi et
al., 2002). The activity of oviductin is inhibited by some
serine protease inhibitors (Hardy and Hedrick, 1992). Since
ARISX is 300 kDa in molecular weight and its acrosome
reaction-inducing activity is not inhibited by serine protease
inhibitors (Ueda et al., 2002), the properties of ARISX are
quite different from those of oviductin. Another oviductal
molecule is the material of the PF-layer that is secreted from
the posterior region of the pars recta (Yoshizaki, 1984;
Yoshizaki and Katagiri, 1984). The PF-layer material is 105
kDa in molecular weight and reportedly contains galacto-
sides that act as ligands to the cortical granule lectin to form
the F-layer after fertilization (Yoshizaki, 1994). Future stud-
ies should attempt to clarify the relationship between the
PF-layer material and ARISX at both the molecular and
cellular levels.
An interesting question regarding the physiology of
sperm entry in an egg is concerned with the relationship
between the sperm binding to the VE and the acrosome
reaction. Sperm of Bufo can bind without undergoing an
acrosome reaction (Omata and Katagiri, 1996). The anti-
ARISX antibody against Xenopus sperm binding to VE is
ineffective. Sperm can bind to the VE even in a low-Ca2
condition, which does not allow an acrosome reaction of
sperm on the VE (Ueda et al., 2002). The treatment of
coelomic envelopes with purified oviductin or authentic
trypsin alone was shown to mimic the treatment with PRE
by inducing increased rates of sperm binding to the enve-
lope, accompanied by acquisition of egg fertilizability
(Lindsay and Hedrick, 1998; Lindsay et al., 1999). The
hydrolytic gp43-to-gp41 (ZPC) conversion and the accom-
panying increase of sperm binding to the envelopes is thus
a prerequisite for acquisition of fertilization. These obser-
vations imply that the partial digestion of the envelope with
oviductin is necessary for the physiologically important
binding of acrosome-unreacted sperm, and then the acro-
some reaction is induced by ARISX in the sperm bound to
the envelope. Furthermore, it is worth knowing whether or
not the digestion by oviductin is necessary for binding or
localization of secreted ARISX on the envelope.
In contrast to the even distribution of ARISX over the
animal and vegetal surfaces in the VE, sperm binding to the
VE reportedly occurs at a higher density in the animal
hemisphere than in the vegetal hemisphere (Katagiri et al.,
1999). If there were no differences in the rates of induced
acrosome reaction in the sperm once bound to the VE, then
the actual number of acrosome-reacted sperm would be
greater on the animal hemisphere than on the vegetal hemi-
sphere. Previous studies have suggested that sperm entry in
Xenopus occurs exclusively on the animal hemisphere
(Grey et al., 1982) or at the equatorial region (Kline et al.,
1988). It has also been reported that the sperm adhesiveness
on the egg is different between the hemispheres (Stewart-
Savage and Grey, 1987). The restriction of sperm entry in
these regions is thus conceivably due to differences in the
rate of sperm binding to the VE and/or the fusion to the egg
plasma membrane, rather than to differences in the rate of
acrosome reaction induction between the animal and vegetal
hemispheres. We have previously shown that several pro-
tease inhibitors that inhibit fertilization of both jellied and
denuded Xenopus eggs (Mizote et al., 1999) do not inhibit
the acrosome reaction (Ueda et al., 2002). Thus, there must
be some protease-dependent steps after the acrosome reac-
tion, such as binding and/or fusion between sperm- and
egg-plasma membranes.
Given the present findings, future studies should seek to
determine exactly what kinds of carbohydrate structures in
ARISX are responsible for inducing the acrosome reaction
in Xenopus. Although we have not yet confirmed protein
moieties in ARISX, a small amount of protein core probably
exists in ARISX and this might be also necessary for re-
taining the functional structure of ARISX, because the ac-
tivity of ARISX in the pars recta extract was abolished by
heat treatment (Ueda et al., 2002). Purification and further
characterization of ARISX are necessary to establish the
presence and role of this protein moiety. Since Xenopus is
one of the best model animals for studying fertilization in
vertebrates (Iwao, 2000a, 2000b), and since a relatively
large amount of ARISX can be prepared from the oviducts,
ARISX will be a useful subject of study for elucidating the
acrosome reaction in amphibians.
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